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Abstract 
By means of this article we want to demonstrate some problems concerning the common practise 
of identifying 'best practise examples' of Regional Innovation Systems [RIS], the pitfalls of an iso-
lated consideration of the Scoreboard indicators in terms of assessing RIS' performance, and the 
complementary possibilities of an efficiency approach in this regard. Exemplary we have illus-
trated the differences of both approaches empirically (RIS in Europe for year 2002 and 2003; RIS 
in Spain considered in depth).  
Thus, we recommend to complement both indicators. That provides a appropriate way to identify 
'best practise regions' in terms of RIS since both the amount of resources allocated to a certain 
RIS as well as the way they are used has to be taken into account. 
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Introduction 
Within a world coming closer, regional distinctions become apparent more and more. Given the 
common goal – at least from the perspective of marginal regions – to close the gap between the 
underdeveloped and the developed, the multi-dimensional objective arises to make economically 
under performing regions catching up to the prosperous ones. In this regard, one of the core as-
pects of economic growth is technological progress what is assumed to be basically triggered by 
innovations. Since to induce and/or manage innovations in a spatial manner is a multi-
dimensional task, related analyses have to tackle these issues in a broader sense, usually called 
Systems of Innovation1. Beside the general National Systems of Innovation approach (LUNDVALL, 
1992; NELSON, 1993; EDQUIST, 1997), some others, like Regional Innovation Systems (OLAZARÁN 
and GÓMEZ URANGA, 2000; JOHANSSON et al., 2002; AUTIO et al., 2004), Sectoral Innovation Systems 
(BRESCHI and MALERBA, 1997), Technological System (CARLSSON and STANKIEWICZ, 1991), Transition 
Research Systems (COZZENS et al., 1990; ZYMAN, 1994), Post-modernist Research Systems (Rip and 
VANDERMEULEN, 1996), and an alternative model for the strengths of Innovation Systems [IS] (CHANG 
AND SHIH, 2004) are applied in several innovation studies. In fact, most of them emphasize certain 
crucial aspects, like e.g. focussing just on a certain region in order to explore a Regional Innova-
tion System [RIS] (OLAZARÁN and GÓMEZ URANGA, 2000; KOSCHATZKY et al., 2001; FERNANDEZ DE 
LUCIO et al., 2003); defined as sum of regional settings to provide an innovation-friendly environ-
ment. A lot of work has been done regarding analyses of RIS, such as investigating internal rela-
tions of actors involved, assessing the importance of the institutions, and, summarising, focussing 
on how does a successful RIS operate in general and/or in particular. 
Those approaches have to deal with the problem of how to express system’s performance as a 
whole rather than quantify certain measures or key indicators, what may allow an empirical as-
sessment (numerically or along a normative "better – worse"- scale). The Oslo Manual2 (DEN 
HERTOG et al., 1995; BALZAT and HANUSCH, 2003; LEYDESDORFF, 2004) could be seen as an exam-
ple. Related to the previous, some research has also be done in order to analyse the National In-
novative Capacity (BUESA et al., 2002; ARCHIBUGI and COCO, 2004; FABER and HESEN, 2004). In 
this regard the European Commission is doing a very important work by means of EUROPEAN IN-
                                                 
1  See: Freeman (1987), LUNDVALL ed. (1992), Nelson ed. (1993), EDQUIST ed. (1997), ETZKOWITZ and 
LEYDESDORFF (2000), AUTIO et al. (2004) who constitute an analysis framework, based on the interactive learn-
ing theory (LUNDVALL, 1992), which tries to identify those agents, institutions, clusters (universities, industries…), 
crucial competences, attributes, as well as those interactions which occur within the so called Innovation Net-
work (OLAZARÁN and GÓMEZ URANGA, 2000; KOSCHATZKY et al., 2001; PYKA and KÜPPERS, 2002). Hence, this 
kind of analysis is endowing regional authorities with an analytical tool for ex ante creating as well as ex post 
evaluating of Innovation Policies. 
2  Proposed guidelines for collecting and interpreting technological innovation data - Oslo Manual, OECD (1992). 
 2
NOVATION SCOREBOARD and COMMUNITY INNOVATION SURVEYS (INSTITUTO NACIONAL DE ESTADÍSTICA: 
1998, 2000, 2002) offering some indicators which are increasingly considered as performance 
measures for European countries and regions (European Innovation Scoreboard, 2001, 2002, 
2003; SAISANA et al., 2003). However, many difficulties can be found when those data are consid-
ered in detail, and, particularly, when cross-country benchmark analyses have to be done due to 
the heterogeneity of European regions and the mentioned multi-dimensionality of RIS. 
Currently, and according to the majority of indicators offered by common statistics, IS and RIS 
mostly are considered like pure technical input-output systems, with a particular emphasis on the 
amount of resources employed. However, focussing on an empirical assessment of IS' or RIS' 
performance who are empirically based on a single or a number of fairly isolated indicators may 
provide a biased picture. In this sense, the literature agrees in a lack of suitable measures (DEN 
HERTOG et al., 1995; INZELT, 2004), not only with regard to benchmark the system's performance 
but also in order to deepen the particular features of each system (LUNDVALL ed., 1992; EDQUIST 
ed., 1997).  
Accordingly, which type of analytical approach has to be applied in a certain IS context and/or 
what indicators have to be incorporated (and how) in order to capture the true performance of any 
(R)IS seem to be tricky questions and, in fact, are judgement calls. But, how to evaluate the per-
formance of a complex system such as (R)IS in a broader sense? What could be a proper ap-
proach / a suitable indicator? 
In this regard we propose to measure the performance of RIS according to a sophisticated com-
parison of their multi-input/multi-output relations (later called efficiency level). This could encour-
age a new research path within the Innovation Systems' related literature, as by now not many ef-
ficiency analyses have been done in this context (NIOSI, 2002)3. Hence, the evaluation of the per-
formance of RIS in Europe in terms of their (technical) efficiency level constitutes the main goal of 
our research. By means of this paper we demonstrate some results of our comprehensive RIS ef-
ficiency estimation concerning European regions in comparison to the European Scoreboard indi-
cators in order to see whether they differ significantly and – given yes they do – how and why.  
 
                                                 
3  “The Systems of Innovation literature takes an ambiguous stand of efficiency” (NIOSI, 2002). Thus, “we would 
like to propose that the most relevant performance indicators on … IS'… should reflect the efficiency and effec-
tiveness in producing, diffusing and exploiting economically useful knowledge. Such indicators are not well de-
veloped today” (LUNDVALL, 1992). To conclude “aggregate statistics… may reveal some types of efficiency or ef-
fectiveness… it thus may be necessary to desegregate statistics, and to build new ones, to understand some 
observed yet unexplained x-inefficiency of the system as a whole” (NIOSI, 2002). 
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Analytical Approach 
As indicated before, we want to discuss the application of frontier approaches commonly used for 
efficiency estimations in the context of benchmarking production units according to their technical, 
cost, or allocative efficiency. In this regard, we assume that the innovative capacity of a RIS can 
be treated like the measurable efficiency of the corresponding input-output relation as long we 
consider all relevant inputs and outputs. In terms of the data base needed for such an analysis 
this seems to be challenging. On the other hand, this approach could be an opportunity to over-
come the characterization of IS by single factor indicators, and shed a bit of light on the true per-
formance of certain RIS, what may justify the empirical efforts. Any estimated efficiency score 
then refers to the spatial performance of the related RIS and can be used to evaluate the entire 
system (each unit related to the calculated frontier, the 'best practise' benchmark). 
With this approach RIS are just depicted as a technically more or less efficient transformer of in-
puts into outputs measured relative to the corresponding best practice observation. This seems to 
be strange at a first glance as one of the crucial aspects of any IS are interactions among the 
agents that constitute the system (LUNDVALL ed., 1992). But here an assessment of overall per-
formance of RIS is a matter of particular interest. Hence, this procedure can be justified. 
Nevertheless, the crucial institutional aspects should not be neglected completely since they con-
tain the answer to the question why the performance of RIS may vary among individual observa-
tions. Therefore, we should add to the efficiency analysis a second dimension: having the effi-
ciency scores as benchmarks ready, it has to be analysed why a certain observation lag behind 
or is ahead compared to another? What are the key variables which refer to the differences 
among the RIS' performance?  
But, as the subject of this paper is to demonstrate the general possibilities provided by an effi-
ciency analysis of RIS and to what extent the obtained efficiency scores match with the Score-
board indicators we do not want to overload it. Hence, a consideration of this second stage will be 
skipped here. But, it will be a core issue of one of our future publications.4 Thus, hereinafter the 
RIS efficiency scores will be faced and complemented with the Scoreboard indicators.  
                                                 
4  Conducting an European wide comparison at regional level always evokes more or less substantial data prob-
lems, like e.g. lack of suitable or even incomparable indicators due to different definitions, short time series, etc. 
Hence, we are going to analyse the second dimension of our analysis in the first instance for Spain only. This 
will be done by regressing a selection of indicators, commonly assumed to affect the performance of RIS signifi-
cantly. In a later stage of the project we will try to apply more sophisticated methodologies that allow to analyse 
efficiency and explanatory variables jointly in one step (see: DARAIO, 2003; DARAIO and SIMAR, 2003). 
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Before, some questions have to be discussed: what is the common sense of comparing RIS' per-
formance? What does it mean when the estimated performances may differ? 
First of all, it’s a common procedure in creation of policy measures and institutional settings to 
ask for the 'best practice' example what exists already in order to use this as a proposal or even 
like a blueprint for other regions. Hence, to know what is best practice becomes a core aspect. 
Since any successful RIS, in fact, is a very complex framework, unfortunately, to discover the true 
'best practice example' is not so easy. In contrast to the efficiency approach proposed, which is 
looking for a fictive optimum of a certain input/output relation and relate all observations accord-
ing to that (see following chapter), the common Scoreboard indicators are based on a "more = 
better" functional relation what neglects implicitly e.g. diseconomies of scale in terms of RIS (what 
likely exist)5. Hence, the two approaches tell a different but complementary story and, therefore, 
may differ in terms of their RIS' rankings too. Accordingly, different best practice examples could 
be identified and become, justified or not, the blueprint for well meant policy adjustments. We 
want to show how sensitive this procedure is. 
In general, from the European Innovation Scoreboard two significant composite indicators can be 
obtained: (1) RNSII (Regional National Summary Innovation Index) what explains the standing of 
every region within their home country, and (2) the REUSII (Regional European Summary Inno-
vation Index) what refers to the standing of every region in comparison to the European average. 
The indexes are calculated as follows: 
(1) ∑∗=
i
ikijkj XXnRNSII )()100( ,  
(2) )()100( ∑∗=
i
iijkj EUXnREUSII , 
where Xijk refers to the value of indicator i at region j in country k. ikX is the mean value for indi-
cator i in country k. EU  refers to the average of indicator i for the European Union, and n repre-
sents the number of regional indicators Xi considered. Hence, a composite index RRSII (Re-
vealed Regional Summary Innovation Index) can be obtained as an un-weighted average be-
tween the scores of RNSII and REUSII. For the scheduled comparison of RIS efficiency scores 
and the corresponding Scoreboard indicators the RRSII seems to be the more appropriated one. 
Hence, we will use RRSII. 
                                                 
5  Since the Scoreboard indicators are just resource based indexes, consequently, a region who applies more re-
sources (e.g. Medium/High tech employment in manufacturing, High tech employment in services, amount of 
public / private R&D) will end up with a better position than those with fewer. But, this does not mean necessar-
ily that their competitiveness is higher (their RIS is better) than the one of any other region. 
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Methodology 
An accurate empirical evaluation of any units' performance, and even more their explanation, are 
very sophisticated tasks, regardless of the analytical context. Generalized, any notion of effi-
ciency relates a vector of inputs to a vector of outputs. Unfortunately, in public sector analyses all 
three definitional elements of efficiency (inputs, outputs, and the functional relation of the two) are 
affected by severe conceptual and measurement problems (see e.g. DARAIO, 2003; LOVELL, 
2002). Hence, by analysing RIS, one has to deal with a multi-input, multi-output relation, in which 
inputs as well as outputs might be qualitatively heterogeneous and sometimes even not compa-
rable. Time and history matter, stochastic influence may affect the system, and the output is 
lagged (usually even non systematic). All this has to be considered in order to get a sufficient 
data base as well as an appropriate model for any efficiency analysis of public sector activities in 
general, and therefore, as well with respect to RIS in particular. 
In fact, there are two general approaches to measure efficiency: (1) parametric models, like SFA 
(Stochastic Frontier Analysis: e.g. COELLI et al., 1998; KUMBHAKAR and LOVELL, 2000), and (2) 
non-parametric models, like DEA (Data Envelopment Analysis: e.g. COOPER et al., 1999). Both 
methodologies have been developed in a straightforward way with considerably model-specific 
enhancements of the basic frontier concept and there are, with respect to their individual 
strengths and limitations, frequently applied in empirical analyses. In this regard it is commonly 
argued that the DEA has some comparative advantages against the SFA when public sector ac-
tivities have to be analysed (no specification of a functional relationship needed, no strict behav-
ioural assumption, like profit maximization, etc.). Hence, we will apply for this analysis DEA too. 
Figure 1 illustrates exemplary the general idea of the frontier concept (DEA-like: piece wise). 
Figure 1a:  Figure 1b:  
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Figure 1a depicts a production frontier (isoquant) by means of a XY-coordinate system whereas 
points A, …, E define scope and shape of the frontier, St refers to the production possibility set in 
time t, and CRS, NRS, and VRS are frontiers with Constant Returns to Scale [RtS], Non-
increasing RtS, and Variable RtS, respectively6. The points F, G lie below the frontier and illus-
trate, however, inefficient input/output combinations7. The technical efficiency [TE] of point G can 
be obtained by calculating (XG')/(XG). The calculation of this measure can be illustrated even bet-
ter in a X1X2-frame (two inputs applied in order to produce one unit of output) like Figure 1b. 
Points A, …, E refer, once again, all to (technically) efficient combinations of X1 and X2 in order to 
produce one unit of any output and, therefore, they define the frontier. Point G refers to an ineffi-
cient observation because X1 as well as X2 can be reduced without any drop in output. The TE of 
G can be obtained by calculating GC 0/0 . Hence, TE has a range 0≤TE≤1, whereas 1.0 refers 
to a best practise (full efficient) example8. Concerning point G, however, one has to reduce both 
inputs e.g. by the proportion 1-TE in order to be efficient.  
We calculate the production set St and the corresponding frontier by considering: 
(3)  
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what refers to the smallest free disposal convex set covering all the data9. In fact, the assumption 
of convexity, even if widely used, might be important in terms of methodological strengths and 
limitations. For the very high aggregated context we are analysing here, this seems to be from 
minor interest but for less aggregated studies, like we have mentioned above (second analytical 
dimension) it could become a crucial aspect.10  
                                                 
6  This might be a point of interest if suboptimal use of scale effects are supposed to play a significant role. For 
example: VRS scale efficiency of point G is [YG?G'']/ [YG?G'] or (XG'')/(XG').  
7  Although point F is depicted as a vertex of the frontier the area between A and F apparently is inefficient be-
cause for a given level of XA an output of YA would be possible but just YF is achieved. In literature these parts of 
the frontier are called "slacks" or "input excess" (illustrated in Figure 1b as those parts of the frontier who run 
parallel to the axes). Hence, one has to consider slacks even when their importance in empirical applications of-
ten is low (see e.g. COELLI et al. (1998), chapter VII).  
8  Given prices are considered, the relative input prices (input oriented view) define the optimal input combination 
what has to applied in order to produce one unit of output (see tangent PP' with the slope of the negative price 
relation). Hence, points A,B,D,E are technically efficient but they are not efficiently from an economically point of 
view (cost- / allocative efficiency). Due to a lack of data, unfortunately, we have to neglect these aspects for this 
analysis.   
9  Accordingly, every convex combination of feasible production plans is also feasible. We realized the presented 
procedure in XploRe (software package). But, a series of alternative tools are possible.  
10  DEA restricts f(x) to be convex. But, in fact, one may argue that increasing RtS could be possible. We have 
found already some empirical evidences (RIS in Spain). The Free Disposal Hull [FDH] approach of DEPRINS, 
SIMAR, TULKENS (1984) could be an appropriate alternative for further steps.  
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Data Base 
Our data base consists of information from the European Innovation Scoreboard covering 161 
European regions for year 2002 and 187 regions for year 2003 (country aggregates as bench-
marks included)11. Although those indicators are supposed to characterise the performance of an 
IS sufficiently (see RRSII), with regard to the frontier analysis the next question arises: what shall 
we consider to be input and/or output of a RIS? Since rising competitiveness, growing welfare, 
etc. are supposed to be common goals of any policy measure and in particular an objective of a 
RIS, focusing on the system’s performance GDP per capita has to be considered as an output in-
dicator. But, how to deal e.g. with number of patents? Input or output? In order to answer this, we 
have to reflect the causal relationship behind: (1) are patents in the sense of any property right 
more an input for high- and/or medium tech industries who are operating within a certain region 
than they are (2) a countable output of a successful R&D in the sense of a properly working envi-
ronment, like fruitful Higher Education Institutions [HEI] – industry interactions, functional net-
works, …, namely RIS?  
In fact, we have tested both options. Surprisingly, the empirical results of the alternative models12 
do not differ significantly. Thus, we tend to consider patents to be an input and follow AZAGRA et 
al., (2003) who argued that the acquisition of patents could help to increase the innovative com-
petitiveness of industries. Therefore, concerning RIS and measurement of their performance, 
patents have more the character of an input rather than being an output. 
Correspondingly, the selected (Scoreboard) indicators who will be considered as inputs for the 
frontier model are: HE (% of population between 25-64 years with high education), Lifelong learn-
ing (% of population between 25-64 years who are participating in lifelong learning activities), 
medium/high-tech employment in manufacturing (% of total workforce), high-tech employment in 
services (% of total workforce), public R&D expenditure (% of GDP), business R&D expenditure 
(% of GDP), high-tech patent applications to the European Patent Office [EPO] (per million popu-
lation), and as output of the RIS: the corresponding regional GDP per capita. 
                                                 
11  In case of lacking data we have interpolated by means of country average and/or we have assumed inter-
temporal constant scores for a certain region. 
12  Two models have been estimated. In the first, both patents as well as GDP per capital were considered as de-
sired outputs of any RIS (all other Scoreboard indicators are implemented as inputs). In the second model we 
considered patents to be an input instead of being an output (ceteris paribus).  
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Empirical Results 
Figure 2 illustrates the distribution of RIS efficiency scores obtained from the frontier estimations 
(left side refers to year 2002, right side to 2003). 
Figure 2: Distribution of RIS' Technical Efficiency in Europe (per year) 
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  Source: Own calculations, own illustrations. 
The overall mean of all calculated RIS efficiency scores arose from 0.60 in year 2002 to 0.64 in 
year 2003. Even if this might be assumed to be a promising trend toward the better, however, it 
indicates as well that a huge potential for improvements of RIS performance remains. In other 
words, according to our empirical results the RIS potentials are widely under-exploited in Europe 
(by more than one third in average); and this just in relation to the best practise examples that ex-
ist already and not to a hypothetically or somewhere really existing "optimal RIS", what could shift 
the frontier significantly. 
According to the graphs we have found a number of regions having a high efficient RIS (see the 
bars at right hand side in each figure). Since the methodology works in the way 'looking for the 
best practise examples and take them as benchmarks for the other' (with respect to each of the 
seven input dimensions) one had to expect a number of observations called to be 100% efficient. 
Theoretically one would also expect all observations are located more or less close to the frontier. 
But, according to the histogram we have a wide variance among the RIS performance in Europe.  
With regard to the position of each region in relation to the frontier (on, close, far away) and the 
related TE score, all observations can be ordered along their efficiency achieved. This ranking 
should be compared to the one provided by the European Innovation Scoreboard (RRSII). In Fig-
ure 3a,b the two rankings are related: the y-axes refer to the RRSII ranking (region's position in 
year 2002 (3a), and 2003 (3b), resp.), and the x-axes refer to efficiency based RIS rankings acc.. 
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Figure 3: Ranking of RIS performance according to RRSII and TE 
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 Source: Own illustration. 
If the two performance indicators would coincide one would expect the majority of the points 
along a 45° line. But this is not the case. Indeed, the trend line has a negative slope what indi-
cates even a diametrical relation. Accordingly, there is some evidence that the two procedures 
not only vary in terms of those observations identified to be "best practise examples". To some 
extent it seems that they even turn the ranking (and therefore, like argued above, the "blueprint" 
for any policy recommendation) into the opposite. Hence, rank correlation coefficients between 
the two indexes have been calculated in order to check for this evidence empirically. The Spear-
man rank correlation coefficient concerning the two rankings for year 2002 and 2003 are -0.645 
and -0.453, respectively. Furthermore, the rank correlation between the subsequent years of 
each index has been considered in order to see whether the scores and/or rankings may vary 
somehow randomly. In this regard we got positive scores: 0.74 in terms of the TE ranking and 
0.91 for the RRSII. Thus, both indices seem to be consistent from an empirical point of view as 
the measures obtained are robust. Hence, the diametrical relation of both indices has to be a re-
sult of their different conceptual settings. Whereas the RRSII indicates the weighted amount of 
several inputs in the sense  'the more the better', the efficiency measure refers to the use of the 
resources in the sense of a relative relation of in- and outputs. Accordingly, with respect to the ef-
ficiency scores ranking we can find regions with a very sophisticated RIS at the top who are able 
to mobilise a notable amount of resources and – in parallel – are successful in terms of their RIS. 
We also can find some regions where just a very low level of resources are dedicated for RIS but, 
however, a positive output can be achieved anyway. Hence, the two indices in fact tell a different 
story and have to be seen complementary.  
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A region what has been found at the top of the TE ranking but what is employing just very few re-
sources for RIS might be efficient in terms of the resource use, but, however, in terms of the ini-
tially mentioned common objective of enhancing the regional development, closing an existing 
gap of growth rates, welfare, etc. this cannot be seen as sufficiently, in particular when the region 
lags behind others. On the other hand, a region what dedicates a huge amount of resources in 
order to improve their RIS (top in terms of RRSII), but the use of these resources, however, is 
identified to be inefficient in comparison to the 'best practise regions' (peer group) also has to be 
seen as not satisfactorily. Hence, in order to assess performance and institutional quality of a cer-
tain RIS one has to complement both views.  
Taking this into account we have checked our estimates for those regions having a relative high 
ranking in both indices, means a comprehensive RIS as well as high efficient use of available re-
sources. We found such examples that – according to our arguments above – might be consid-
ered as 'best practise' and taken as "blueprints" for related policy recommendations. London can 
be seen as such an example since the region's RRSII as well as the TE scores are constantly 
among the top ranked regions.  
The complementarity of both indices can be illustrated exemplary by means of our results con-
cerning the Spanish RIS (see Table 1).  
Table 1: RRSII and TE scores and rankings of Spanish RIS (2002 and 2003) 
RRSII score rank according to RRSII TE-score 
rank according 
to TE-scores region 
2002 2003 2002 2003 2002 2003 2002 2003
Galicia 60,26 59,35 115 135 0,471 0,599 96 96
Asturias 58,48 53,63 117 145 0,461 0,467 100 129
Cantabria 68,45 55,61 100 142 0,811 0,855 37 44
Pais Vasco 96,51 98,69 50 47 0,676 0,825 55 46
Navarra 102,91 100,09 36 45 0,554 0,724 85 62
La Rioja 61,22 57,42 114 138 0,834 0,729 34 60
Aragon 75,10 77,97 87 87 1,000 0,636 1 85
Madrid 140,06 127,51 10 23 0,367 0,487 118 125
Castilla Leon 68,88 65,22 98 117 0,444 0,576 105 104
Castilla la Mancha 48,78 42,01 138 163 0,894 0,981 25 27
Extremadura 47,67 43,91 139 161 0,981 0,459 22 131
Cataluña 100,24 107,58 42 36 0,425 0,488 110 124
C. Valenciana 69,10 70,71 97 106 0,430 0,422 108 140
Islas Baleares 51,81 45,24 134 158 0,866 1,000 28 1
Andalucia 55,91 51,33 125 149 0,573 0,395 79 145
Murcia 52,45 59,61 133 133 1,000 0,422 1 139
Ceuta y Melilla 73,03 60,13 92 131 0,548 1,000 87 1
Canarias 54,90 52,76 130 148 1,000 0,686 1 75
Source: Own calculations. 
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Madrid can be considered as the leading Spanish region in terms of RIS-related efforts. Thus, it is 
not surprising to find Madrid among the top ranked regions across Europe (RRSII positions: 10 / 
year 2002, and 23 / year 2003). But, apparently the allocation of resources in Madrid's RIS is low 
efficient (estimated TE-scores refer just to position 118, and 125 among all European regions, for 
year 2002, 2003, respectively,). The results for Catalonia are similar.13 In contrast, other regions 
with comprehensive RIS as well but who are usually assumed to focus less intensively on RIS (al-
locate less resources), like e.g. Navarre and the Bask Country14, have been found to be higher 
efficient. Some regions have to be assessed as medium / low in terms of mobilisation as well as 
efficient use of the allocated resources (e.g. Valencia). Furthermore, some regions, like e.g. 
Balearics and Castilla la Mancha, dedicate quite low amounts of resources to RIS but, however, 
are assessed as highly efficient in terms of its use.15 Thus, we can empirically find examples for 
all possible combinations of RIS intensity and efficiency. And, economies of scale seem to play a 
role in this regard.16    
Once identified the best example and realised that a certain region may lag behind, the question 
arises: How to close the gap? Or, in other words, what hamper or restrict the efficiency of a RIS? 
The answer of this question directly can be seen as a call for action in terms of regional develop-
ment and regional policy.  
Basically two groups of determinants have to be considered: (1) an insufficient allocation of the 
available resources (too much of xn, not enough of xn+1, etc.), and (2) institutional restrictions. Ac-
cording to the first, one can derive an answer directly from the efficiency estimates since a disag-
gregation of the efficiency calculation with regard to each (input) dimension is possible. The fol-
lowing relationship could be considered in order to analyse the existing inefficiencies determined 
by under- or over-use of inputs: 
(4) ( ) ijij xxTE −Ε=−1 , with definitions like above and E as a j x k matrix of inefficiency 
levels. Hence, if E = xij follows TE = 1, and E = 0 refers to TE = 0, etc. 
Accordingly, we can empirically measure whether a certain input is well allocated, over- or under-
used with respect to the frontier. Since we have data for 161 regions (in 2002) and 181 (in 2003), 
with seven inputs each RIS, this cannot be presented here in detail. 
                                                 
13  RRSII / TE-rank: 42 / 110 for year 2002, and 36 / 124 for year 2003, respectively. 
14  RRSII ranks in Europe: 36, 45 (Navarre), and 50, 47 (Bask Country) for year 2002, 2003.  
15  Balearic Islands: RRSII-position: 134 / 158 for year 2002 / 2003, but TE-scores of  0.87 and 1.0, respectively. 
Castilla la Mancha: 138 / 163 (RRSII ranks), but TE: 0.89, and 0.98 for year 2002 / 2003.  
16  As mentioned before this has to be considered while selecting the suitable methodology. Since the DEA has 
some restrictions to capture such effects for future analyses one has to do some adjustments and methodologi-
cal extensions of our analytical approach (in this regard see e.g. Dario, 2003).  
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The second group of determinants can be considered analytically by two different approaches: (1) 
regressing the TE-scores obtained concerning relevant effects of an ad hoc selection of explana-
tory variables, and (2) by extensions of the methodological framework (one stage model, see 
Dario and Simar (2003)). As mentioned before, for this article this seems to be out of scope. But it 
will be a subject of our future work.    
 
Conclusions 
We have argued and empirically demonstrated that common measures, as e.g. RRSII, etc., cal-
culated in order to illustrate RIS' performance could be insufficient – if standing alone – since they 
are just based on the amount of resources applied and, however, neglect the question whether 
those resources are used in a proper way.  
If our interest is to know what is best practise in terms of an Innovation System, e.g. in order to 
take the corresponding settings as an example for a successful implementation in another region, 
or in order to learn something about the key institutions of a RIS, causal relations behind, and/or 
with the focus to manage / create RIS accordingly, it seems to be promising to consider the effec-
tiveness of the operating system too. As the commonly used Scoreboard indicators could provide 
a biased picture in terms of the performance of (R)IS, like mentioned above, they should be com-
plemented by means of efficiency related indicators.  
But, our examples have also shown that such efficiency indicators could be insufficient as well for 
assessing RIS performance if they are considered as isolated information.  
In fact, both indicators are useful, despite or even because they tell a different story. The RRSII 
index refers to “the more the better" assumption what might be acceptable in a situation of con-
stant or even increasing returns to scale in terms of RIS. In particular we would expect to find 
such a situation in marginal regions with less sophisticated or even without any efforts in the field 
of RIS. In contrast, the TE scores illustrate how those resources (if any) are exploited. Therefore, 
we have found some RIS with a high RRSII ranking (a lot of efforts in terms of RIS) and a low 
ranking in terms of efficiency (over-use or insufficient use of resources). On the other side we 
have found regions with very low rankings in terms of RRSII (not focussed on RIS) but being 
highly efficient (at a low quantitative output level). Thus, just the complement of both indicators 
provides a appropriate way to identify 'best practise regions' since both the amount of resources 
as well as the way they are used has to be taken into account.  
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In general, for those regions that were found to lag (far) behind the best practise RIS, in fact, such 
a result should motivate the responsible (mostly public) bodies to enlarge / optimise their efforts 
(see arguments above concerning regional gaps, etc.). Indeed, a political call for action can be 
derived directly for any region that lags behind. 
 
Summarising, this paper has shown that with respect to performance analyses of any Innovation 
System in general, and RIS in particular, still a lot of work has to be done. We will proceed with 
our research in order to overcome some empirical obstacles (lack of data, misleading indicators, 
robustness of approximations,…), and methodological problems such as the assumption of con-
vexity of DEA, which is widely used in economics (and applied here as well) but it is not always 
valid. We have to reflect these points and, perhaps, we have to adjust the applied approach ac-
cordingly.17 For further steps we also have to disaggregate the European wide focus since it 
seems to be rather impossible to derive sophisticated policy recommendations with a common lo-
cal/regional validity (as necessary with respect to RIS) at this aggregation level. Thus, like men-
tioned above, we will proceed with our analysis by considering three aggregation levels. The first 
one, aimed at this study, at a European level, a second one regarding the national level (exem-
plary for Spain), and the third with (sub)regional focus. 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
17  Another article what applies FDH instead of DEA and what compares any differences is scheduled. Then, an 
empirically based assessment of the relevance of these methodological aspects will be possible. 
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